Forecasting the water demands is very important for pure-water reservoirs. Because the value of water supply to the water supply stations cannot be changed frequently according to the variation of water demands. The goal of this study is to propose forecasting method of water demands applying all over the country in Japan. In previous studies, we proposed three kinds of forecasting method and one kind of correcting method for water demand using data of four prefectures in Japan. The points of these forecasting methods are following three matters. 1) Based multivariate regression analysis. 2) Using multiple years' data of the value of water supply per day. 3) Correcting the obtained multivariate regression formula by single regression analysis. As the results, forecasting precision is leaded approximately 2% by proposed forecasting methods. However, forecasting precision cannot be improved beyond it. Then, correcting method and forecasting error are focused in this paper. In the previous studies, correcting method is proposed by single regression analysis. The concept of correcting method is consisted of following three steps. In step 1, temporary forecasting values are calculated by multiple regression formula using data of water supply per day near forecasting day. In step 2, correcting coefficient are estimated by single regression analysis using relation between temporary forecasting values and actual values. In step 3, multiple regression formula is corrected by obtained correcting coefficient. Thus, proposed correcting method is very simply in the previous studies. In this paper, factors of forecasting error are estimated by relation between forecasting values and actual values. New correcting method is examined by obtained these factors.
INTRODUCTION
The value of water supply to the water supply stations cannot be changed frequently according to the variation of water demands, because management of water resources, e.g., river water, has various restrictions (e.g. the amount of extracted water from a river around unit time, etc.). Therefore forecasting the water demand is very important for pure-water reservoirs. The goal of this study is to propose forecasting method of water demands applying all over the country in Japan. In previous studies, we proposed methods of forecasting the water demands in the middle scale water works area (Kanagawa prefectural), the large scale water works area (Tokyo metropolitan and Saitama city) and the small scale water works area (Okinawa prefectural). The points of these forecasting methods are following three matters. 1) Based multivariate regression analysis. 2) Using multiple years' data of the value of water supply per day. 3) Correcting the obtained multivariate regression formula by single regression analysis. In addition, proposed methods consider variations in economic conditions for the water service area. As results, forecasting precision was leaded approximately 2% by proposed method. However, forecasting precision cannot be improved beyond it. In this study, forecasting precision is focused. The purpose of this paper is to examine new correcting method using the data of water supply per day of Saitama city. In Saitama prefectural, the data of water supply per day are hold by waterworks bureau of each city. There are 63 of cities in Saitama prefectural. Therefore it is difficult to collect the all data of water supply per day of Saitama prefectural. In this study, the data of water supply per day of Saitama city are collected. Saitama city is one of major cities of Saitama prefectural. In addition, Saitama city is one of bed towns of Tokyo. The area of Saitama city is 217.5 square kilometers. The population of Saitama city is approximately 1.27 million which is in the ninth rank in Japan. Therefore, the higher forecasting precision of the water demands is needed.
CHARACTERISTICS OF WATER SUPPLY OF
SAITAMA CITY In Figure 1 , a transition of the amount of water supply per day of Saitama caity for one year is shown. As shown in Figure 1 , characteristic of transition of the amount of water supply per day is that the amount of water supply per day in the summer period tends to increase than that in the other seasons period. This characteristic of transition resembles that of Tokyo metropolitan and Kanagawa prefectural. In Figure 2 , the averaged amount of water supply per day of each day of the week of Saitama city for one year is shown. In addition, differences of the averaged amount of water supply per day among day of the week by t-test are shown in Table 1 . As shown in Figure 2 and Table 1 , averaged amount of water supply per day of Sunday (or holiday) is larger than that of other day of the week. The tendency of the averaged amount of water supply per day of Saitama city is similar that of Kanagawa prefectural. About that of Tokyo metropolitan, averaged amount of water supply per day of Saturday and Sunday is smaller than that of other day of the week. It is considered that Saitama city and Kanagawa prefectural are one of the bed towns. However, characteristic of averaged amount of water supply per day of day of the week of Saitama city is that there is no difference between averaged amount of water supply per day of Saturday and weekday. In this study, therefore, amount of water supply per day of weekday and holiday are forecasted by same forecasting method. In previous studies, forecasting methods for weekday and holiday are divided. Here, weekday represents from Monday to Friday, and holiday represents Saturday, Sunday and national holiday. Sun. * * : 5% significance ** : 1% significance 3 PROPOSED FORECASTING METHOD OF WATER SUPPLY PER DAY AND TASKS In this section, proposed forecasting method of water supply per day in previous studies is described. In addition, tasks in previous studies are described.
Outlines of forecasting method of water supply
per day In this section, outlines of based proposed forecasting method of water supply per day are described. The point of this forecasting method is following three matters. 1) Based multiple regression analysis. 2) Using multiple year data of the value of water supply per day. 3) Correcting the obtained multiple regression formula by single regression analysis. In Figure 3 , concept of forecasting method is shown. In this figure, horizontal axis represents date and vertical axis represents year. DM in Y year is assumed forecasting day. The procedure of this forecasting method consists of following five steps. Step 1 is collecting the data of weather information and so on which are correlative to the value of water supply per day by correlation analysis for regression period (from DM -t to DM + t) until Y -1 year as shown in Figure 3 .
Step 2 is making the multiple regression formula for each year using collected data in Step 1. The obtained multiple regression formula is expressed in equation (1).
The notations are defined as follows:
• : A variable representing the year in the western calendar.
• : A variable representing the month (M = 1, …, 12)
• : A variable representing a specific day of the year (D = 1, …, 366). A value of D=1 corresponds to January 1st, and D=366 corresponds to December 31th. The date on February 29th is assumed to exist even in non-leap years, and is treated as a missing day in the actual data
The first weekday of the year and month of the date of forecasting
A variable representing period of using data to make forecasting formula. In this study, this variable is called "regression period".
• : Explanatory variables ( ) Step 3 is calculating the temporary forecasting value of water supply per day from DM -t in Y year to DM -1 in Y year (period of a dotted line in Figure 5 ) using obtained n of multiple regression formulas.
Step 4 is correcting each obtained multiple regression formula by three correction methods with correlation between the actual value of water supply per day and the calculated temporary forecasting value of water supply per day in Step 3. In Figure 4 , the concept of correction method is shown. In each figure, horizontal axis represents temporary forecasting value, and vertical axis represents actual value of water supply per day. And the relationship of these values is examined. About this examination, the obtained temporary forecasting values should be ideally exhibited the actual value of water supply Amount of water supply per day（m3） per day (y = x). As shown in this figure, however, the obtained temporary forecasting values are deviated from actual value of water supply per day. One of the reasons can be considered an annual fluctuation of economic variations and so on. Then, it assumes that a linear relationship is established between the temporary forecasting values and actual value of water supply per day. In order to minimize this deviation, the obtained temporary forecasting values are corrected by assumed three kinds of linear relationship. In this study, each correction method is called "Increment type" (Figure 4(a) ), "Proportional type" (Figure 4(b) ) and "Regression type" (Figure 4(c) ), respectively. In "Increment type", it assumes that an annual fluctuation ensures constant increase to past years (it is assumed y = x + b). The obtained multiple regression formula is corrected applying the obtained estimator of increase amount ( ) by single regression analysis. In "Proportional type", it assumes that an annual fluctuation ensures constant ratio to past years (it is assumed y = ax). The obtained multiple regression analysis is corrected applying the obtained estimator of ratio ( ) by single regression analysis. In "Regression type", an annual fluctuation ensures constant increase and ratio to past years (it is assumed y = ax + b). The obtained multiple regression formula is corrected applying the obtained estimators of increase amount and ratio ( ) by single regression analysis. Thus, n of corrected multiple regression formula are obtained.
Step 5 is averaging the corrected n of multiple regression formula. And this averaged formula is the forecasting formula. The forecasting formulas of each correction method are expressed in equation (2) to (4), respectively.
Actually, one correction method is selected from three kinds of correction method. A forecasting value of water supply per day is calculated substituting weather information and so on of forecasting day for the forecasting formula.
Tasks of correction method
In previous studies, forecasting precision was obtained approximately 2% by proposed forecasting methods. If forecasting method is not applying correction method, forecasting precision is obtained approximately 3 to 4.5%. Therefore, it is considered that proposed correction method is useful in this study. However, although three kinds of forecasting method were proposed in previous studies, forecasting precision cannot be improved beyond it. Then, correcting method is focused in this paper.
RESULT OF FORECASTING WATER SUPPLY PER DAY

Used data and evaluation method
The data of the value of water supply per day offered by Saitama City Waterworks Bureau are used from April 1st 2011 to March 31th 2016 for five years. And, the data of weather information for used data period are downloaded from website of Japan Meteorological Agency. Regression period sets 84days (t = 42 in Figure 3 ). Past year sets 4 years (n = 4 in Figure 3 ). These regression period and past year are set condition of highest forecasting precision in previous studies. In this study, the evaluation method is expressed in equation (5).
As shown in equation (5), forecasting precision (q) is evaluated using the absolute value of relative error ratio of forecasting value of water supply per day to actual value of that. In this paper, evaluation period sets from June 1st 2015 to March 31th 2016 (for ten months).
Explanatory variables of multiple regression analysis
Explanatory variables of multiple regression analysis are set from two categories (weather information and a day of the week). About weather information, Maximum daily temperature, maximum daily temperature squared, temperature difference between today and yesterday, rainy in the morning, rainy in the afternoon, cloudy in the Actual value of water supply Temporary forecasting value morning, cloudy in the afternoon, cloudy after sunny in the morning, cloudy after sunny in the afternoon, sunny after cloudy in the morning and sunny after cloudy in the afternoon (totaled 11 factors) set to explanatory variables. About a day of the week, Friday and Saturday (totaled 2 factors) set to explanatory variables. Thus, totaled 13 factors set to explanatory variables.
Forecasting precision of water supply per day
In this section, as result, forecasting precision of water supply per say by equation (5) is shown. In Table 2 , a part of forecasting precision in evaluation period of this study is shown. In Table 2 , the values of"No collection"are forecasted without applying correction method. As shown in Table 2 , result of forecasting precision of water supply per day is different among correction methods and among dates. In addition, the absolute values of relative error ratio drawn background represent highest forecasting precision in each day. In table 3, forecasting precision is evaluated using the absolute value of averaged relative error ratio for each month in evaluation period of this study. In addition, the absolute values of relative error ratio drawn background represent highest forecasting precision in each month. As shown in Table 3 , forecasting precision of "Regression type" of correction method becomes highest in evaluation period of this study. Moreover, forecasting precision of "Regression type" of correction method becomes highest in all evaluation period of this study. This forecasting precision is 1.23%. This forecasting precision is higher than that of previous studies (approximately 2%). However, there is no improvement of forecasting precision clearly.
EXAMINATION OF CORRECTING METHOD
In this section, results of forecasting precision are examined. In this paper, it is focused that difference of forecasting precision between correction method and no correction is larger (case 1: Aug. '15 in Table 3 ) and smaller (case 2: Dec. '15 in Table 3 ) in this evaluation period.
Case 1 (effectiveness of correction method)
As shown in Table 3 , forecasting precision of Aug. '15 by three kinds of correction method is higher than forecasting precision by no correction. Here, relation of each year between temporary forecasting value and actual amount of water supply per day is shown in Figure 5 . That is, this relation is obtained by Step 3 of procedure of forecasting method in section 3.1. In this figure, horizontal axis represents temporary forecasting value, and vertical axis represents actual amount of water supply. R 2 means contribution rate by correlation analysis. As shown in Figure 5 , contribution rate by correlation analysis tends to be higher. In evaluation period, relation among forecasting value of regression, forecasting value of no correction and actual value of water supply is shown in Figure 6 . As shown Figure 6 , forecasting precision of "Regression" is higher than that of "No correction". Incidentally, it is bon festival from 9th Aug. to 17th Aug. in Japan. Therefore, forecasting water supply per day is not performed in this period.
Case 2 (no effectiveness of correction method)
As shown in Table 3 , difference between forecasting precision of Dec. '15 by three kinds of correction method and forecasting precision by no correction is closely. Here, relation of each year between temporary forecasting value and actual amount of water supply per day is shown in Figure 7 . That is, this relation is obtained by Step 3 of procedure of forecasting method in section 3.1. In this figure, horizontal axis represents temporary forecasting value, and vertical axis represents actual amount of water supply. R 2 means contribution rate by correlation analysis. As shown in Figure 7 , contribution rate by correlation analysis tends to be lower. In evaluation period, relation among forecasting value of regression, forecasting value of no correction and actual value of water supply is shown in Figure 6 . As shown Figure 6 , there is similar scattering from actual value of water supply per day in forecasting result of "Regression" and "No correction".
Examination of effectiveness of correction method
In this section, effectiveness of correction method is examined.
CONCLUSION
In previous studies, we proposed three kinds of forecasting method and one kind of correcting method for water demand using data of four prefectures in Japan. As the results, forecasting precision is leaded approximately 2% by proposed forecasting methods. However, forecasting precision cannot be improved beyond it. In this paper, forecasting precision is focused. The purpose of this paper is to examine new correcting method using the data of water supply per day of Saitama city. 
